The monitoring system will describe the state and the development of land use especially in regard to its sustainability for the entire Federal Republic of Germany. To this end, for the first time ever it makes use of topographical geobasis data (digital landscape model of the Authoritative Topographic-Cartographic Information System, short ATKIS). These data allow for a more precise spatial and contentwise description of land use than that of the land register data, which serve as the basis for the official land use statistics. On the basis of the geobasis data an automatic calculation of indicators from the fields of settlement, open space, nature reserves, population, traffic occurs and landscape fragmentation. The indicators are depicted in thematic maps, thus allowing for spatial and chronological comparisons. In addition to administrative spatial units (federal state, region, district, municipality), the indicator values are also presented in scales of various cell widths. For calculating building-based settlement indicators, the patented program SEMENTA® is used, which is based on an automated evaluation of analogue maps.
INTRODUCTION
One key element of the national sustainability strategy of the German Federal Government is the economical and careful handling of the finite resource of land. The targeted goal is to reduce the amount of land use for settlement and traffic purposes to 30 ha/day by 2020 for Germany (among others, Dosch, 2008) . The "traffic light report" from the Council for Sustainable Development (RNE, 2008) shows that, on account of the fact that the current value is 104 ha/day, the traffic light is red and thus the targeted goal lies in the distant future. For this reason, the existing tools of economical land use must be reviewed. In addition to legal and fiscal instruments, the informational instruments in particular must be expanded and improved because the current information regarding land use and its changes only allow for a very limited assessment of the development.
In Germany, the surveying administrations and land registry authorities of the federal states obtain land use data from the real estate book (Automated Land Register ALB), aggregate this information and then pass it on in the form of federal land use statistics to the Federal Statistical Office of Germany. However, earlier changes and the now tarnished readjustments of the ALK database to the official real estate register's information system ALKIS have led to flaws in the time series. Additional points of criticism concerning the official land use statistics result from the fact that certain allocations of land use are specific to certain federal states and that there is outdated and incomplete information used. Thus, the chronological and spatial comparability of the data is limited (Federal Statistical Office of Germany, 2008) . The greatest deficiencies concerning the assessment and evaluation, however, arise from the spatial resolution: the plot-based survey of the values through the attribute of main type of use conceals the differentiated, actual land cover. At the same time, the aggregation of the values on larger territorial units prevents there from being locally differentiated information concerning issues such as the previous use of land, settlement structure, the state of new settlement areas and their traffic accessibility.
For some time now, the institutions of the ordnance survey and of the Federal Agency for Cartography and Geodesy (BKG) have been making available basic digital geodata with the help of the Authoritative Topographic-Cartographic Information System (AKTIS®) that describes the nation-wide land use in a topographical manner in a highly spatial resolution. Since most of the errors that plagued earlier versions have been fixed in the third version of the system, it is time to begin making use of these data also for indicator-based, land use statistical reports.
CONCEPT OF THE MONITOR OF SETTLEMENT AND OPEN SPACE DEVELOPMENT (IOER-MONITOR)
The Leibniz Institute of Ecological Urban and Regional Development (IOER) has the goal of describing land use and its development nation-wide for Germany in a continuous, spatial and a high-resolution manner with the help of suitable indicators so as to add to the official land use statistics. This Monitor of settlement and open space development (IOERMonitor) should also allow for spatial and chronological comparisons on the basis of topographical basic geodata (e.g. regarding the location and density of buildings as well as the issue of the development of building stock) and thus a better evaluation of the sustainability of the development via policies and management (Table 1) . 
Indicators and Parameters
For depicting the settlement and open space development suitable "measurement values" must be found in order to represent the complex sets of facts that are often hard to measure directly. In the monitoring process, indicators as well as parameters are calculated and visualized. While indicators quantify selected complex data, the parameters represent facts and underlying values and contribute to the understanding of the indicators. The categories of "Settlement," "Open Space," "Landscape Protection", "Nature Conservation" and "Population," later expanded around the thematic fields of "Traffic" and "Materials/Energy" structure the Monitor and contain the categorized indicators and parameters (Table 2) . When determining the individual indicators, it is essential to reconcile an adequate description of the conditions and processes of the real world with the reliability of the available basic information (data quality) as well as to carry out the methodological and technological implementation (modelling and calculating) in an efficient manner. To this end, in the research project "Sustainability Barometers of Land Use" ("Nachhaltigkeitsbarometer Fläche", Siedentop et al., 2007) , among other things, indicators were theoretically developed that now, at least partially, can be calculated in the IOER-Monitor currently under development.
Building, traffic and technical infrastructure do not by any means always develop in a manner that conforms to settlement policy goals regarding quantity (maximum of 30 ha detached area per day) and structure (inner-city development before outer-city development, good traffic accessibility). For regular and small-scale monitoring of these processes, parameters and indicators must be developed on the basis of individual buildings. In addition to the settlement area, the open space area should be described, that is, the percentage of the total area without any settlement and traffic use. Here the focus is on the state and development of the various forms of land use and land conflicts, including, for instance, issues such as the proximity to nature and the intensity of land use as well as the percentage of settlement and traffic areas in landscapes deserving protection and, generally speaking, the issue of landscape fragmentation. applied to different territorial units. Depending on whatever makes sense, these will be administrative units, selected natural area units or units relevant for planning purposes. In the settlement area, the building block will be the smallest calculating unit.
In order to create long-standing, stable time series, indicators will not only be calculated on the basis of administrative areas but also for quadratic grid cells of various sizes (125 m, 250 m, 500 m, 1000 m). This measured breakdown will improve the comparability of the data both chronologically and spatially and thus will support various forms of research not only at a micro, regional and trans-regional level but also at the national level (Wonka, 2008) .
Base Data
The topographic base data for a Germany-wide monitoring of land use must be comprehensive in nature and, as far as possible, homogenized. The continued storage of the data must also be secured in a legal manner so as to ensure that also in the future monitoring will be possible on the basis of stable time series. Thus, the Official Topographic-Cartographic Information System (AKTIS) in the form of the Digital Basic Landscape Model (DLM) is especially suited for this purpose on account of its high resolution (surveying scale 1:10,000) and it's officially required updating of the data, which serves as the basis for the descriptions and assessments of land use in Germany.
The detailed assessment of settlement development is based on changes in the building stock and traffic infrastructure. It is also only in this manner that questions concerning the location, networking, density and use of settlement structures can be answered. Thus, for the monitoring building sketches with and without a limited generalization are required. Although this level of detail has a strong effect on the volume of data and calculating time, which becomes squared with higher resolutions, the crucial point, however, is the availability of this geo information.
The homogenized ATKIS Digital Basic Landscape Model, which the Federal Agency for Cartography and Geodesy (BKG) makes available for nation-wide analyses, does not currently have any layer on the building stock. Since indicator values, however, should be determined and the digital terrain data have only recently been available in a comprehensive manner with sufficient levels of high resolution, it is necessary to have access to analogue and digital editions of topographic maps. A presentation of the availability, problems and a quality assessment of the base data can be found in Meinel et al. (2008a) .
For the calculation of parameters related to settlement structure, a program called SEMENTA© (Meinel et al., 2008b) , which was developed at the Leibniz Institute of Ecological and Regional Development, can be used. It filters, vectorizes, surveys and classifies buildings from the ground plan layer of the topographic map in scale 1: 25.000 (TK25 and DTK25(-V)) by means of digital image processing. On the basis of the building floor plans, which have been integrated in this manner, numerous indicators based on both buildings and building blocks such as construction density, floor area density and building volume density can be calculated. In addition, a module entitled SEMENTA©-CHANGE has been developed in the meantime, which allows for a building-based analysis of settlement development.
Methods of spatial disaggregation should be used to relate land use data to statistical data so as to obtain small-scale information. To this end, databases such as "GENESIS-online" and "Statistik local" are used as well as other sources of information from the regional and federal government. For deriving additional indicators and parameters (in regard to soil, noise etc.), geodata from various thematic fields must be integrated. Thus, for instance, in the monitoring system the geometries of the protected areas from the Federal Office for Nature Conservation are used.
Data Management
The high-resolution, Germany-wide evaluation requires an enormous volume of data. Thus, the ATKIS Basis-DLM in the digital storage format File-Geodatabase (fGDB) requires 27 gigabytes for one specific point in time alone. Parallel with saving geodata in an fGDB, the calculated indicator values of the various territorial units are stored in a MySQL database. In this manner, by means of a SVG-based map viewer, it is possible to create a quick and simple visualization of the indicators and parameters.
Before being able to calculate the indicators, the ATKIS data require various steps of preparation and quality assurance (Figure 1) . Thus, the permitted land use overlaps in the AKTIS model require the creation of corrected sets of geodata, which also depict real states of land use in a statistically correct manner. On the other hand, the calculating of the traffic areas forces the buffering of the traffic roads, which are only digitized as lines. For the attribute of "road width," which is frequently lacking especially when it comes to communal roads, empirically determined default values are used. Recurring preparation that is dependent on time periods and the processing of the geodata require a high degree of automation, which is achieved in the monitoring especially via Python scripting. 
VISUALIZATION OF THE INDICATORS
The results of the Monitor of settlement and open space development (IOER-Monitor) published on the internet since 2010. On the main page of the website presented in addition to a map with current results serving as an eye-catcher, goals, databases and implementation stages of the monitoring process. For the geovisualization of the calculated indicators, there are two map viewers with their own form of technology and each one is meant for different levels of exploration: a simple, user-friendly viewer that provides users with overviews on the basis of SVG which goes all the way down to the municipal level (smaller to medium-sized scale) and later a detail viewer that operates on the basis of web mapping, which is conceived for more in-depth, spatial analyses (medium-sized to large scale).
For a better understanding of the map contents a document for each indicators will also be provided, which will explain both the concepts and the calculation methodology. Tables, graphics and diagrams will provide concrete values and time series for selected geographical units.
A Viewer Based on SVG
The viewer allows for the very simply visualization of the calculated indicators via a web browser. In comparison with the large and inflexible Adobe Flash files, it is advisable to use the W3C standard scalable vector graphics (SVG) with its open, standardized XML structure, which can be generated in a simple manner with every available programming language. To do this, however, at present it is necessary to install a plug-in on the (proprietary) web browser Internet Explorer (IE). An XHTML document controls the visual presentation in the viewer screen and also reacts to the user preferences for the map in regard to time (year), topic (category and indicator) and area (extension, level of administration level and areas to be displayed) ( Figure  2 , above-left). The desired map will be displayed in the default manner with colour classifications, which are adapted to the respective range of values ensuring a good level of differentiation of the spatial units. • defining colors for color scales and text, • fixing the reference to "Germany-wide" or "local specific maps" and • saving an individualized map (which can also be sent as a link).
The SVG document in the map window (Figure 2 , centre) brings together geometry and attributes. The geometry data of the administrative structure VG250 (BKG) were generalized, saved in a PostgreSQL database with the PostGIS extension and, if requested by users, passed in real time to the program as datasets of SVG coordinates. The attribute data are determined in a script-driven manner for every year to be calculated and for every territorial unit and then are stored in a MySQL database. When users request the database to do so, the corresponding attribute and indicator value are linked to the territorial unit via the official municipal key and represented with automatically generated imagery. Furthermore, additional information can be added to the viewer (e.g. geonames or creation dates of the original Geodata).
Table Tool
In a table tool, the selected indicators for the represented territorial units together with their average updated time values are listed in tabular form. The table can be sorted on the basis of the name of the territory or the indicator value. The value of other time periods can optionally also be added, which allows for the comparison of changes. Furthermore, the values of higher administration units can be added to. In such cases, the deviations are also depicted as a numerical value and in a graphical manner, which makes it easier to do spatial comparisons. 
Detail Viewer
The detail viewer serves the purpose of visualizing the indicator values on a larger scale. It allows for the actual situation below the municipal level to be displayed such as districts and building blocks and also makes it possible for previously calculated raster maps to be displayed in various cell sizes. The basis for all this is a web mapping application, which based on the server-side on ArcGIS Server and on the client-side on OpenLayers. For the implementation of the detail viewer, JavaScript and PHP were used as the programming languages and the database MySQL was used for managing the information. The user-friendly display allows for simple and intuitive operation. The display shows the choice of location, time period and indicator. Users also have the option of adding their own data in the form of WMS layers and visualizing orthophotos by Google Maps in the background. The latter helps to better understand and evaluate the indicator values. 
Application Example
The AKTIS object type "industrial and commerce areas" (2112) contains built-up areas, which exclusively or predominately serve to accommodate industrial and commercial enterprises. This also includes, for instance, shopping centers, stock-rooms, warehouses, large scale trading companies, utility companies and waste disposal companies (AKTIS object type catalogue). In the monitoring system, this type of land use is calculated on the basis of various reference units. Related to the settlement area ( Figure 5 ), the presentation essentially contains more relevant information than in the "classical" presentation form, which is based on administrative units (Figure 5 left) . The indicator of the category "inhabitants" relates the industrial/commerce area to the inhabitants of the territorial unit ( Figure 5 right) and thus provides additional criteria for evaluating the efficiency of the land use. Varying the method of displaying the data in different classes helps users to effectively explore the information. Experts thus have at their disposal an important tool for interpreting regional and local conditions as well as extreme values in addition to uncovering connections, making qualified evaluations and determining options for action.
OUTLOOK
The implementation of the monitoring concept is finished and the monitor in German language is online since 2010 (www.ioer-monitor.de). On account of the high spatial resolution, it is expected that there will be wide interest in the project, including also regional and local actors. The calculation of the indicators will occur at regular two year intervals for each federal state. For selected indicators, however, it is planned for this to occur at shorter intervals. Gradually, additional indicators will be added and -thanks to the automatic evaluation of the TK25 -also earlier time slots will be added to the monitoring system. Furthermore, the indicators will be calculated and visualized on grid cells (geogrids). Thus, the foundations will be laid for a wider range of regional statistics. In the future, relevant statistical parameters regarding population, housing, construction, economics and traffic increasingly should also be regionalized on the basis of the high resolution land use data. To this end, methods of spatial disaggregation, among other things, must be further developed.
